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THE ENGLISH ELECTRIC JOURNAL 


New 5-Stand Cold Mill Drive for 
Richard Thomas & Baldwins Limited 


By W.L.L. Wynne, B.A., Metal Industries Division. 


HE INTRODUCTION to the steel industry in the 

United Kingdom of ever faster and more 

powerful rolling mills has become an 
economic necessity, largely as a result of the 
increased demand for steel of all types in recent 
years, and has been facilitated by the improvement 
in control devices and their application to steel- 
works drives. As part of the development of the 
existing works at Ebbw Vale in South Wales to give 
a greater output of tinplate, Richard Thomas & 
Baldwins Limited decided to replace their existing 
5-stand cold mill with a new 5-stand mill capable of 
speeds three times greater. 


The English Electric Company obtained the 


order for supplying the electrical drive and control 
equipment for this new mill. The engineering of 
the mill drive was carried out in collaboration with 
the Engineering Department of Richard Thomas & 
Baldwins Limited and the electrical consulting 
engineers, McLellan and Partners. 

The mill is one of the fastest in the United 
Kingdom and Europe. Each stand drive has its 
own separate generators, and the control system 
operates basically by voltage comparison with IR 
drop compensation. The description in this article 
follows the natural sequence of a visit to the mill ; 
first the mill itself, then the driving motors and 
motor-generator sets in the adjoining motor room, 
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ig. 1—The mill from the coiler end 
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the control gear in the control room and finally the 
circuit-breakers and motorised rheostats in the 
basement. 


The Mill 

The mill (Fig. 1) was supplied by the Davy and 
United Engineering Company Limited, and is 
designed to roll strip up to 38 inches wide at nearly 
a mile a minute. It has five stands, each with two 
work rolls 21 inches diameter and two back-up rolls 
53 inches diameter by 42 inches wide, and a coiler 
suitable for handling coils up to 30,000 Ib on a 
20-inch coiling drum and with a maximum coil 
diameter of 72 inches. The range of strip rolled is 
from 0-024 inch down to 0-0077 inch as the mill 
product. 


The mill operators’ controls are assembled in 
swinging cabinets on the mill housings. As the 
stands are arranged with 13 ft centres and the 
width of each stand is 9 ft 8 in, the cabinets tend 
to take up much of the available space between 
the stands. This was inevitable since the bulk of 
the equipment to be mounted in each cabinet 


Fig. 2—Mill control cabinet on Stand 5 


could not be reduced, but the cabinets have been 
so mounted as to leave the operators as much space 
as possible between the stands. 

The stand entry cabinets are specially shaped to 
fit closely to the housing and are so arranged that 
they can be swung completely out of the inter-stand 
space to facilitate access for maintenance and 
adjustment. The stainless steel fronts of these 
cabinets, carrying the controls, open to give easy 
access for maintenance, and for the same reason 
the roll screwdown position indicators in a separate 
section of the cabinet can be withdrawn. 

The main cabinets are hinged on brackets on the 
delivery side of the front of the mill housing, as 
shown in Fig. 2. The stainless steel front door of 
the cabinet is hinged and carries the main control 
switches, pushbuttons, meters and indicating lamps. 
There is a large glove tray beneath each cabinet, 
and a handle is provided to enable the cabinet to 
be swung easily to a convenient position ; this is 
important, as Stand 5 delivery cabinet weighs 
approximately 800 Ib and its overall dimensions are 
5 ft 8 in high, 3 ft 3 in wide and 1 ft 7 in deep. 

The cabinets are equipped with 6-inch square 
meters to give the indications required by the mill 
operators, which include main drive motor loadings 
and speed on all stands, and strip gauge and 
tension on stands 1 and 5 only. The tensio- 
meters, supplied by the mill maker, read total strip 
tension and the difference in tension across the 
strip. The stand lock-out switches are on the sides 
of the cabinets away from the mill, so that they 
can readily be seen from any normal control 
position down the mill. The cabinets are fitted 
with internal heaters, power sockets for hand 
lamps and hand tools, and microphones for com- 
munication between the operators. 


Electrical Machines 


The motors coupled to the mill have the ratings 
given in Table I. 


TABLE I 

Stand Output Speed Range Strip Speed 
h.p. r.p.m. f.p.m. 

1 1,750 90-255 495-1,400 

2 3,500 125-304 687-1,670 

3 3,500 200-445 1,100-2,445 

4 350-645 1,925-3,545 

5 5,500 500-910 2,750-5,000 
Coiler 900 233-1,000 5,000 
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Fig. 3—Stand and coiler driving motors 


Fig. 4 (right)—Mill speed cone 


Stand 1 is driven by a single-unit motor, stands 
2, 3 and 4 and the coiler by double-unit motors, and 
stand 5 by a triple-unit motor, as shown in Fig. 3. 


Each multi-unit machine makes use of a stub 
shaft running in a pedestal bearing at the driving 
end of the whole assembly, so that the single-bearing 
armature of each individual motor is interchange- 
able and of conventional design. All the main 
motors and their generators are of the well-known 
‘English Electric’ CS industrial class, specially 
strengthened for heavy duty rolling mill service. 


All these motors and the generators are forced 
ventilated. The ventilation system is re-circulatory, 
the air being ducted to the machine, entering at the 
driving end and leaving at the commutator end. 


FEET PER M'NUTE 


By an arrangement of baffles within the 
machine the main bulk of the air is preven- 
ted from escaping over the commutator 
which is outside the main air system and is 
naturally ventilated. 


It will be observed from Table I that the 
stand speeds give rise to a ‘speed cone’ 
as shown in Fig. 4. The speed cone allows 
a wide range of rolling schedules to be 
accommodated by the individual stand 
settings. In order to widen the speed cone 
which would normally correspond to the 
shunt field ranges of the motors, as shown 
by the highest and middle lines on Fig. 4, a 
further 30% reduction in the speed of each 
individual stand by generator voltage is 
allowed. This widening of the speed cone 
is as shown by the lowest curve in the 
figure. 


The generators are arranged in two sets 
and run at 600 r.p.m. To keep the main 
copper runs as simple and short as possible, 
the generators of stands 1, 2 and 3 are on 
one set and the generators of stands 4 and 5 
are on the second set. To balance the power 
requirements of the two sets, the coiler 
generator is added to the first set. All 
the stand generators are identical and 
interchangeable machines. 
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A. Weak field. B. Base Speed. 
C. 70% base speed. 
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Fig. 5—Electrical supervisory board 


Each motor-generator set is driven by a 9,000 h.p. 
synchronous motor capable of giving full output at 
unity power factor. These motors are supplied at 
11 kV and are provided with reactor starting equip- 
ment ; the motors are suitable for direct-on-line 
starting if required, in which case the starting current 
is less than five times full load current. The air supply 
to these motors is re-circulated through coolers. 

The bearings of the main motors and generators 
are flood lubricated and in addition are fitted with 
standard oil rings enabling the machines to run for 
a considerable time if the oil supply is cut off. 
There are two separate lubricating systems each 
with its own standby units. 

The control exciters for the stand and coiler 
generators and the motor shunt field exciters are 
grouped into three exciter sets running at 1,500 
r.p.m. (synch.). There is also one main exciter set 
running at 1,000 r.p.m. (synch.) which includes the 
exciters for supplies common to the whole mill, 
for synchronous motor excitation, main constant 
voltage supply, speed reference and inertia com- 
pensation. All these machines are of the * English 
Electric’ standard CAM endshield type, with ball 
and roller bearings. The highly sensitive controls 
throughout the equipment depend for their oper- 
ation on magnetic amplifiers. 


The stand motors and main gen- 
erator and exciter sets are grouped 
in a motor measuring 
approximately 165 feet long and 
90 feet wide. 


Control Equipment 

The supervisory board (Fig. 5) 
from which all the setting up of 
the electrical plant ready for run- 
ning is carried out, is situated in 
a control room facing a window 
looking into the adjacent motor 
room. At the end of the board 
there is a separate cubicle housing 
various rheostats required for pre- 
setting particular quantities in the 
mill control. Here are made the 
settings which determine the 
effective regulation of the motors 
and the rates of mill acceleration 
and deceleration. The end panel 
of the supervisory board itself is devoted to alarms. 
A total of sixty-six alarm indications are given on 
this panel to inform the maintenance staff of the 
location of trouble and where to investigate. On 
other panels on the board are the control switches 
for starting the oil pumps, exciter sets, and the 
synchronous motors of the main M.G. sets. Finally 
there are separate panels for each main drive motor, 
carrying the main circuit instruments and a control 
switch for the main circuit-breaker which has been 
selected to operate as an isolator. 


Behind the supervisory board and extending 
down the control room there is a corridor-type 
board, one side of which is of cubicle type housing 
magnetic amplifiers and resistance units, and the 
other side of flat back type carrying control gear 
(Fig. 6). Each magnetic amplifier is mounted on a 
withdrawable chassis (Fig. 7) so that it can easily 
be replaced by a spare unit should a fault occur. 
This is the main control board for the operation 
of the mill main drive and also of the synchronous 
motor automatic power factor control. Two 
panels included in the contactor board have 
monitoring instruments providing a ready means 
for the maintenance staff to check the correct 
operation of the equipment. One of these panels 
covers the coiler and its tension control circuits, 
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Fig. 6—Main contactor board 


and the other (fourth from right in Fig. 6) all the 
stand meters grouped for ease of comparison. 


Near to the main control board are other 
boards (not * English Electric’) controlling 
mill ancillary equipment and the main 
350 MVA oil circuit-breakers for the 
synchronous motors. 

Also in the control room is the mill 
master control rheostat. This rheostat, 
which is motor operated from the stand 
control cabinets, is of the roller type having 
a contact-making roller running over a 
vertical stack of contacts. This construction 
has been found most useful in enabling a 
considerable number of rheostats to be 
ganged easily where it is necessary to 
control many quantities simultaneously. 

Dynamic braking of the main motors is 
included; the necessary air circuit-breakers 
are installed in the basement between the 
mill motor and motor-generator set blocks 
as shown in Fig. 8, so that the main copper 
connections follow the most direct run to 
and from the roof of the basement. 

Also in the basement near the main 
motor foundation block are the motorised 
rheostats for the individual speed control 


WA 


of the stand and coiler motors. 
These rheostats are of the same 
type as the mill master control 
rheostat already described, except 
that they have more contacts in 
the stack so as to give the required 
fine field setting control. 


Mill Operation 

The procedure in setting up a 
mill of this nature for a particular 
rolling programme is first to 
determine the gauge reduction to 
be made in each stand and the 
corresponding relation of the 
stand speeds, having regard to the 
available speed shown by the speed 
cone in Fig. 4. The main motor 
shunt fields and screws are then 
set to the estimated positions and 
the first coil can be entered into 
the mill at thread speed. The 


load on each stand motor and the inter-stand 
strip tensions and gauges must then be checked 


Fig. 7—Part of the magnetic amplifier board, showing an 
amplifier chassis partly withdrawn 
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against the estimated values, and the motor fields 
and screws adjusted as necessary. 


In order to reduce strip wastage to a minimum 
in setting up the mill, it is essential that the thread 
speed of the mill shall be as low as possible. There 
would in any case be obvious difficulty in threading 
the mill at high speeds, and in practice the thread 
speed into Stand 5 is kept down to about 120 f.p.m., 
which means that the mill motor must be running 
satisfactorily at about 34% of its top speed. The 
control scheme actually allows the thread speed of 
the mill to be adjusted over a range between 120 
and 400 f.p.m. (8% of 5,000 f.p.m.) at the coiler 
with full field on the motors. 


When the strip has been successfully threaded 
and run at low speed, it may be accelerated to top 
speed. It is well known that in any high-speed 
tandem mill, changes in inter-stand tension and 
gauge with changes in speed are inherent in the 
nature of the operation. This ‘speed effect’ is 
thought to be due to variations in roll and bearing 
lubrication, in roll deformation and in the speed 
of roll deformation between high and low speeds. 

The proportions of strip thickness to roll size have 
a bearing on whether the speed effect is pronounced 


Fig. 8— Main drive circuit-breakers in basement 


or not. The effect is very apparent on high-speed 
tandem mills rolling down to thin gauges, and has 
the same characteristics as would be obtained by 
increasing the screw pressure when increasing mill 
speed. The result is a decrease in output gauge 
with increasing speed, and vice versa. 


Theoretically, a drive can be made to maintain 
the speed relationship between stands at all strip 
speeds and thus to maintain gauge, but the speed 
effect would then result in increasing inter-stand 
tensions on deceleration. On a wide speed-range 
mill rolling thin material this would result in strip 
breakage. 


In order to avoid breakage it is necessary to 
design the drive so that the motors may depart 
from the strict speed relationship by a controlled 
and adjustable amount to ensure that the inter- 
stand tensions do not reach dangerously low or 
high values during acceleration or deceleration. 
Provision has been made on this drive for a large 
degree of flexibility in adjustment of motor load- 
speed droop or ‘ regulation ’ both as fixed amounts 
and as amounts depending automatically on speed. 
In this way the whole drive is given a characteristic 
such that the deleterious results of the inherent 
speed effect are minimised. 

The requirements of the coiler 
drive in this mill do not differ from 
those in any other comparable 
mill. The strip tension has to be 
maintained at a controlled steady 
value as the coil builds up on the 
drum, and there are two indepen- 
dent servo systems for achieving 
this. A voltage control acts on 
the field of the motor to keep its 
voltage proportional to strip speed 
independently of the coil build up. 
A current control of the motor acts 
on the generator field to keep the 
motor armature current fixed at 
the value set by the operator. 
For threading, the coiler is 
provided with a belt wrapper and 
there is an automatic control which 
limits the peripheral speed at the 
coiler to a value only slightly above 
the strip speed at Stand 5; this 
speed limit control remains 
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G. Generator 

M. Motor Armature 

C. Circuit-breaker isolator 
D. Dynamic braking switch 


Fig. 9—Main circuit connections 
for Stand 5 


effective the whole time the coiler 
is running, and provides automatic 
protection of the coiler against 
any substantial rise in speed in 
the event of strip breakage. 


Control Features 


There is a separate generator for 
each mill motor armature ; all the 
machines of any one stand are 
connected in series, thus ensuring 


Fig. 10—Voltage control circuit 
for Stand 


that all carry the same current. They are arranged 
alternately motor and generator, thereby restricting 
the voltage between any two points in the circuit to 
a maximum of 620 volts. 


The main circuit connections for the Stand 5 
motor are shown on Fig. 9 ; this is typical for all 
stands, the only distinction between stands being 
the number of armatures involved. There are two 
triple pole breakers in the main circuit ; in the 
event of a high fault current in this circuit both 
breakers would trip instantaneously, but for normal 
operation from the operators control switch only 
one breaker operates. A third triple pole breaker 
completes the dynamic braking circuit. 


The stand motor voltages are controlled to be 
equal at all times when the mill is running except 
that, as already mentioned, any stand may be 
working on reduced voltage for widening the speed 
cone. The voltage control circuit of Stand | is 
indicated in Fig. 10, the circuit for all stands being 
similar. A reference exciter supplies the main 
excitation for all the stand gerierators. The mean 
voltage of the generators and the output voltage 
of the reference exciter are compared by a magnetic 
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amplifier which supplies the field of a control 
exciter biassing the main generator excitation to 
give the required output. 


Into this same voltage control circuit there is 
fed a signal derived from the drop in the motor 
compoles and compensating windings, and ampli- 
fied through a second magnetic amplifier. This 
signal gives the necessary IR drop compensation to 
the voltage control, and a second signal derived in 
the same manner but taken also through a potentio- 
meter coupled to the main speed setting rheostat 
gives the speed-dependent regulation effect to 
which earlier reference has been made. 


The stand inching voltages are obtained in the 
Same way as the main running voltages, except 
that the reference exciter is left out of the circuit 
and a separate inching reference is provided in the 
comparison circuit. 


CONSTANT VOLTAGE EXCITER BUSBAR 
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When the mill is at standstill, the generator 
residual voltage is suppressed to prevent the stand 
motor from creeping. This feature is inherently 
given by the magnetic amplifier and control exciter 
required for the running condition. 

In order that the appropriate contactors may 
operate to close the stand voltage control circuits 
when required, the operator must have moved the 
stand lock-out switch to the run position. This 
switch has a separate inch position so that the 
stand may be switched on for inching without 
making it possible for the motor to be run up to 
speed from some other control station along the 
mill. 


Main Mill Speed Control 


The main mill speed control is carried out from 
four pushbuttons, * Thread Run ** Hold ** Stop’, 
which are repeated on the various 

cabinets on the mill. The control 

operates through the rheostat 


MOTOR 
No. | 
ARMATURE 


COILER 
ENERATO! 


MOTOR 
No. 2 
ARMATURE 


PILOT EXCITER 
DRIVEN BY 
STAND 5 


ence bus exciter. There is a seven- 
position selector switch which 
gives a choice of the position at 
which the rheostat will stop for 
thread speed. In addition to the 
four main pushbuttons there are 
also special pushbuttons on some 
of the cabinets which give * Lower’ 


| controlling the field of the refer- 


\ 


MAGNETIC 
AMPLIFIER 
FOR 
VOLTAGE 
CONTROL 


TO SPEED 
LIMIT CIRCUITS 


or ‘Raise’ speed when it is 
required to reach intermediate 


FOLLOW-ON 
RHEOSTAT 


/ 


speeds without the use of the 
‘Hold’ pushbutton, * Weld” speed 
when it is required to reduce the 
speed of the mill to allow a weld 
to pass through, and ‘ Slow stop’ 
when it is required to stop the 
mill at a slower rate than is given 


RHEOSTAT RESET by the normal ‘ Stop’ pushbutton. 
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RHEOSTAT MOTOR 


All these additional features tend 
to complicate the contactor 
circuits but they remain essentially 
straightforward in their basis. 
The main stand motor fields are 
supplied from a separate exciter 


CONSTANT VOLTAGE EXCITER BUSBAR 


Fig. 11—Voltage control circuit for coiler motor 


whose field is controlled by a 
motor-operated rheostat. For 
each of the first four stands there 
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is a standard contactor control for 
the rheostat, operated from a 
switch in the stand delivery 
cabinet, with a meter on the same 
cabinet indicating the rheostat 
position. For Stand 5 it was 
considered necessary to have a 
special servo control system to 


COILER 
SENERATO! 


PILOT EXCITER 


DRIVEN BY REEL ) 


PILOT EXCITER 
DRIVEN BY STAND 5 


ISOLATING 
SWITCH 


position the rheostat so that the CONTROL 
operator could have positive | 
control of it and of its rate of 
movement. Careful consideration / { Phictoe 
was given to the grading of these 
rheostats in order that the effect - 
on rolling should be always MAGNETIC” 
uniform for small rheostat adjust- | a 
ments, being similar whether the an aoe 
motor is on full field or weak field. pn EXCITER O 

The Stand 5 rheostat motor is ” 
supplied as required by a push- TENSION. =" INERTIA 


pull magnetic amplifier. The 
control winding of this amplifier 
receives its signal from the relative 


REFERENCE t COMPENSATION 


LOSS COMPENSATION 


displacement of two mag-slip 
units. One of these units is coupled 
to the operator’s handwheel on 
the Stand 5 cabinet and the other is coupled to 
the rheostat drive. The handwheel is approximately 
a foot in diameter so that the operator can take 
a good grip of the rim to make rapid adjustments 
when necessary, such as during acceleration or 
deceleration of the mill. At the same time this 
system has the advantage that there can be no 
reverse action on the handwheel; when the 
operator has moved the wheel there can be no 
tendency for the lag of the rheostat to move it 
back again. The gear ratios in the drive are 
carefully chosen to prevent the drive from getting 
out of step, and the more violent the operations of 
the handwheel the faster the rheostat moves. 


Coiler Motor Control 


Fig. 11 shows the voltage control circuit for the 
coiler motor. 


The coiler motor voltage is controlled to be equal 
to the voltage of the pilot exciter driven by Stand 5 
motor. These two voltages are compared by a 
magnetic amplifier which supplies a field of the 
coiler motor. This motor has two field windings 


Fig. 12—Current control circuit for coiler motor 


the second of which is supplied from the constant 
voltage exciter and is controlled by a motorised 
rheostat. When the mill is starting to roll a new 
coil and the coiling drum is empty, this second 
field of the coiler motor supplies the corresponding 
weak field excitation. As the coil begins to build 
up on the drum, the magnetic amplifier receives a 
signal which causes it to give an output to the first 
mentioned coiler motor field. At the same time the 
motor driving the rheostat in the second field circuit 
starts to run, so progressively strengthening the 
excitation supplied by this field. The position 
reached by this rheostat at any time corresponds 
to the diameter of the coil on the drum, and there- 
fore the rheostat has other tracks coupled to it 
which control quantities, such as inertia compen- 
sation in the main current control, which are 
dependent upon coil size. 


The coiler motor current is controlled by the 
influence on the coiler generator field of a circuit 
comparing the voltage drop in a portion of the 
coiler motor main armature circuit, including the 
compoles and compensating winding of both motor 
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armatures, with the voltage generated in a reference 
exciter. The voltage of the reference exciter is 
suitably varied when the mill speed is changing, 
sO as to introduce the proper amount of inertia 
compensation. Small changes can also be intro- 
duced into this reference voltage, dependent upon 
strip speed and coil build-up, if it is found desirable 
to make the corresponding changes in current. 
The current control circuit is indicated in Fig. 12 ; 
it will be seen that the difference in the voltages 
being compared is applied directly to the field of 
the coiler generator exciter, whilst there is a second 
field which gives this exciter a basic excitation 
proportional to strip speed so that the current 
control system has only to deal with the system 
errors. 


The coiler motor current control system includes 
an over-riding speed limit control which will limit 
the speed rise of the coiler motor at any time in the 
event of strip breakage, and also sets the wrapping 
speed of the coiler at the beginning of a coil. A 
pilot exciter, coupled to the coiler motor and having 
its field continuously adjusted in line with the field 
of the coiler motor, provides a measure of the 
peripheral speed of the coil. The voltage of this 
pilot exciter is balanced against that of the coiler 
reference exciter through a magnetic amplifier, and 
the output of this is sufficient to cancel the main 
current control reference in the coiler generator 
exciter, 


Power Factor Control 

Although not directly concerned with the mill 
control, this section would not be complete without 
some further reference to the automatic power 
factor control equipment for the synchronous 
motors of the motor-generator sets. 

A network of metal rectifiers and resistances is 
supplied from voltage and current transformers in 
such a way that the output is proportional to the 
reactive kVA in the synchronous motor supply. 
The output is applied to a magnetic amplifier which 
feeds the motor field. This system can be set up so 
that unity power factor is maintained by the motors, 
or they can be made to run with a fixed reactive 
kVA input. 

Provision is made for the motors to be run if 
required without the power factor control and 
also without the magnetic amplifiers, by taking a 
supply direct from the constant voltage exciter for 
the motor exciters. 


Conclusion and Acknowledgments 

The mill was started up for the first time in 
November, 1955, and is to-day successfully rolling 
tinplate to help in satisfying the increasing demands 
of the canning and similar industries in the United 
Kingdom and abroad. 

Acknowledgments of the help given in the prepara- 
tion of this article are made to McLellan and Part- 
ners and Richard Thomas & Baldwins Limited, by 
whose courtesy also the photographs are reproduced. 
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An American Convair Aircraft with Napier 


Eland Engines 


N AMERICAN CONVAIR-LINER 340, which D. 
AS & Son Ltd have converted from 

piston engines to Napier Eland propeller- 
turbine engines,’ flew at Cranfield Aerodrome on 
9th February, 1956, piloted by Mr. Michael 
Randrup, the Company’s Chief Test Pilot. 


This aircraft was bought direct from the makers, 
the Convair Division of the General Dynamics 
Corporation, who throughout have shown the 
greatest interest in the conversion project. Convair’s 
interest in the Eland stems not only from the 
possibility of converting aircraft already in service 
(and the turbo-prop prospect has always been held 
out to their customers), but also from their need 
of an efficient turbo-prop engine for later develop- 
ments of the Convair 340. 

From the Napier point of view, a type of aircraft 
which had been basically designed for conversion 
to turbo-prop engines when they became available 
was clearly an attraction, particularly when, as in 


1 Described in E.E. Journal, March 1955, Vol. 14, No. 1, p. 23. 


the case of the Convair 340, it was already in 
large-scale service throughout the world and had 
proved its popularity with both operators and 
passengers. Moreover, the fact that the engines 
can be installed without much additional modifica- 
tion and without exceeding the structural and 
speed limitations of the Convair 340 was a great 
asset for future development of the Eland. 


The Napier Company in due course intends to 
fly the Napier Eland Convair to the United States, 
on route-proving trials over typical European sec- 
tors, and on tropical trials and a demonstration 
tour of Convair operators in Europe. The object of 
these operations, besides demonstrating the engine’s 
capabilities, is to build up flying hours—a vitally 
important method of creating confidence in a new 
engine. However, this does not mean that the 
Convair is regarded as a flying test-bed for the 
Eland. On the contrary, a full certificate of air- 
worthiness for the aircraft will be sought from the 
Aircraft Registration Board as soon as possible, 
and Napier will seek recognition of this certificate 


Fig. 1.—The American Convair-Liner 340 converted from piston engines to Napier Eland propeller-turbine engines 
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by the American Civil Aeronautic Administration 
who have promised their co-operation. 

The conversion work has been carried out at 
the Napier Flight Development Establishment at 
Luton, with full co-operation from Convair. Modi- 
fications other than the change from piston engines 
to Eland turbo-prop engines have been kept to a 
minimum, 

The original main engine fireproof bulkhead 
contour has been retained, which results in the 
nacelles being very much more bulky than is 
strictly necessary for the slim Eland engines, but 
minimising the time and cost was considered the 
main essential from the airline operator’s view- 
point. The change of engines has effected an 
immediate saving of some 2,000 lb in the weight 
of the power plants and their ancillary equipment, 
with an increase of approximately 2,200 h.p. using 
two Eland N.EI.6 engines. This in turn, with the 
increased take-off power available, enables the 
Napier Eland Convair to operate at an all-up 
weight of 53,200 Ib instead of the present 47,000 
lb, and it can carry its maximum payload of 
12,880 lb over the much greater stage distance of 
1,220 miles instead of 290 miles for the piston- 
engined version. The cruising speed is increased 
by 45 miles per hour. 
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Fig. 2.—One of the Eland 
turbo-prop engines in the 
converted Convair aircraft 


Conversion to Eland engines has led to two 
other noticeable improvements, both of which will 
be popular with passengers. In flight, the aircraft is 
virtually free from vibration, and the noise level is 
very much lower both inside and outside. 


The Napier Spraymat electrical de-icing system? 
has been applied to the spinners and engine air 
intakes of the converted Convair. The 13 ft 6 in 
four-bladed de Havilland propellers have been 
specially designed for the Eland engine; they are 
of the fully-feathering reverse pitch type. 


In the Eland Convair the Napier Company is 
not only demonstrating confidence in its engine 
(of which the Company has financed and already 
started the production of an initial batch), but is 
offering the world’s Convair operators a simple 
way of giving new life and greater passenger appeal 
to their aircraft, accompanied by increased revenue. 


There are 216 Convair 340 aircraft in civil 
airliner service throughout the world (130 of which 
are flying with airlines in the United States) in 
addition to the Convair 440, of which over 70 are 
on order, so that the Napier scheme of convertion 
to Eland engines has great possibilities. 


* Described in E.E. Journal, December 1954, Vol. 13, No. 8, p. 353. 
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A Modern Jute Mill in East Pakistan 


By J. G. WINTERBOTTOM, Assoc.1.E.E., Assoc.A.I.E.E., Chief Engineer, Textile Division. 


HE IMPORTANCE Of jute in the pattern of the 
world’s economy is frequently overlooked 
and certainly not always appreciated by the 
public. Its uses can be found in various sections 
of industry where its characteristics of strength and 
resistance to hard treatment are most desirable. 
Jute textiles appear in carpets, linoleum, furniture, 
sugar bags, sacking, cables, ropes, brattice cloths, 
clothing padding and tarpaulins, to name only a 


few of the principal applications to which this 
valuable fibre is devoted. 


The Pakistan Jute Industry 

Most of the world’s jute is grown in the Eastern 
territory, or Bengal province, of Pakistan, within 
the area embraced by the Ganges Delta where for 
hundreds of years the peasants have manufactured 
it into binding cords and primitive clothing. The 


Fig. 1.—A general view of the Crescent Jute Mill, with the power house on the right 
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present rate of cultivation is remarkably high, and 
within the past decade annual crops of approxi- 
mately two million tons have been recorded. 

The soil of the jute fields is irrigated by the 
waters of the Ganges, and the melted snows of the 
Himalayas swept down by the Padma and Brahma- 
putra rivers. The alluvial deposits of decayed 
animal and vegetable matter are accordingly spread 
over these cultivating lands, ensuring a high degree 
of regular fertility. It is interesting to survey the 
country from the air and to observe a vast tracery 
of natural streams and waterways which, with the 
prevailing sub-tropical climate and monsoon 
conditions, combine in producing the finest jute in 
the world. 

Prior to the Partition of the sub-continent in 
1947, India was able to provide her mills with the 
jute grown in her own state of Bengal. Then, with 
the advent of Partition, when the Eastern portion 
of Bengal was ceded to Pakistan, the Indian jute 
industry was left in possession of some 90 mills, 
concentrated in the Calcutta area, whilst most of 
the principal jute fields were located within the 
newly created Pakistan borders. In brief, India 
possessed the jute manufacturing facilities and 
Pakistan the main jute cultivation area. 

The Pakistan Government soon formulated a 
scheme to erect new factories within its Eastern 
territory, sufficient to absorb a portion of the jute 
produced in that region. Accordingly, a target 
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was set to create a manufacturing capacity of 6,000 
jute looms in its six-year plan, materialising in 
June, 1957. The project was authorised by a 
Government body known as the Pakistan Industrial 
Development Corporation, with its headquarters in 
Karachi. Recent information indicates that by 
the end of 1956 Pakistan may be consuming some 
250,000 tons of jute per annum, out of an average 
crop of approximately 1,250,000 tons. By the end 
of 1956 there will probably be some 7,500 looms 
installed in Pakistan whose production, when 
worked on the 3-shift basis, would approximately 
equal half that of the Calcutta area. This level, 
however, is unlikely to be achieved for some little 
time. 


The Crescent Jute Mill 


One of the several mills envisaged in the P.I.D.C. 
programme was that under the name of The 
Crescent Jute Mills Company Ltd. This company 
was formed in 1952 to erect a complete preparing, 
spinning and weaving mill containing 500 jute 
looms. Construction commenced in March, 1953, 
and the mill was in production in August, 1954. 
The layout of the mill is shown in Fig. 2. 


The Crescent Mill occupies an area of just over 
100 acres situated in jungle country in the district 
of Khulna, on the banks of the Bhairab river and 
very close to the East Pakistan port of Chalna. 
This wide river is one of the main tributaries of the 

Ganges, in the Sunderbans area of East 
Pakistan. The mill itself lies approximately 
150 miles south-west of Dacca, the capital. 


The complete electrical equipment for 
the mill, including the drives for all the 
textile machines, the generation equipment 
in the power house and the switchgear and 
distribution equipment, was supplied by 
The English Electric Company. Toillustrate 
the power requirements of such a mill a 
brief description is given of the various 
processes in the manufacture of jute textiles, 
and also of the growth and preparation of 
the raw material, jute fibres. 
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Fig. 3.—Magnified cross section of a jute stem 


The Raw Material 


Jute, with its stalks about } inch thick, 
reaches maturity in four to five months 
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2.—Layout of the Crescent Jute Mill 
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Fig. Kutcha 
hales being carried 
hy country boat 

(Photograph by courtesy 


of Messrs. Ralli Brothers 
Ltd.) 


from planting in a normal season, and its height 
varies from 5 feet to 15 feet. |The serrated leaves 
are from 4 to 5 inches long and 1} inches broad, 
with pale yellow flowers at maturity, and small 
seeds in the fruit occurring after the plant has 
passed its best from the aspect of fibre production. 


A cross-section of the stem of the jute plant, 
Fig. 3, reveals a centre core of pith surrounded by 
a ring of woody matter. The ‘ bast layer’ which 
contains the valuable jute fibres embraces this 
woody structure, and finally the outer skin, or 
cuticle of the plant, envelops the whole. 


Fig. 4.— Drying jute fibres 
after * retting’ 


(Photograph by courtesy of 
Messrs. Ralli Brothers Ltd.) 


After cropping, the plant is submerged in pools 
of water for periods of ten to twenty days ; this is 
the steeping process, or ‘ retting’ as it is termed. 
The gummy bark, or cuticle, is softened, and the 
‘bast layer’ of valuable fibres is then stripped 
away from the stem. It is then washed thoroughly 
and dried by hanging over poles, as shown in 
Fig. 4. Bunches of these straw-like strips are known 
as ‘stricks’ and they contain masses of fibres 
adhering to each other. Only about 44 per cent by 
weight of the original plant contains this usable fibre. 


The dried stricks are finally made up into bundles 
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The Salime Power Station, illustrated here, of the Saltos del Navia en Comunidad, Spain, was officially opened in August, \955 
industrial areas in Asturias and further east. It was equipped, under a comprehensive contract, by The English Electric Company. 
water turbines are of the vertical shaft reaction type with an output of 43,500 h.p. running at 300 r.p.m., and the alternators ge 

4 

The dam is of the arch gravity type and the power house is situated underneath the spillway. This was necessary because of the nar 


The main and auxiliary transformers and the main switchgear were also supplied by The English Electric Company. The fou 
Spanish grid system. The main switchgear is of the air-blast type consisting of five 150 kV 2,500 MVA circuit-breakers. 
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st, 1955, hy General Franco, Head of the Spanish State. This station, situated in the north-west of Spain, supplies power to the 
ompany. The main generating plant consists of four 32,000 kVA vertical generating sets operating under a head of 364 feet. The 
ators generate at 11,000 volts 0.8 power factor 3-phase 50 cycles. 

4 
‘ the narrowness of the gorge and resulted in the power house being curved. The switching yard can be seen to the right of the dam. 


The four main transformers, each with an output of 32,000 kVA, step-up the voltage from 11 kV to 150 KV, the voltage of the 
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Fig. 6.—Typical flow chart for a jute mill 


and conveyed by road or country boat, Fig. 5, from 
the cultivation points to the many press houses 
situated up-country. In these establishments they 
are classified for grade and quality and converted 
under pressure into *‘Kutcha’ bales weighing 
300 Ib each for the local mills, and ‘ Pucca’ bales 
of 400 Ib for export. The baling is performed by 
heavy hydraulic presses, powered by steam or 
diesel engines where electricity supplies are remote. 


Manufacture of Jute Textiles 


To assist in understanding the manner in which 
the stricks of bast fibre are treated after the arrival 
of the bales at the spinning and weaving mills, a 
typical flow chart is shown in Fig. 6. 


The initial process after the bale has been opened 
is the softening of the stricks for the removal of 
the vegetable matter holding the individual fibres 
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together. Bales arriving at the local mills are 
fairly soft in character and their contents are 
comparatively loose. Consequently the bundles of 
stricks can be introduced immediately to the 
softening process. On the other hand, heavily 
pressed bales, such as the * Pucca’ bales, contain 


Fig. 8.—Finisher drawing 
frames, cach driven by a 
3 |p. motor 


Fig. 7.—A row of finisher 
carding engines, each driven 
by a 73 h.p. motor 


hard compressed layers of strick bundles. These 
must be passed through a bale opening machine in 
order to crush the masses into a relatively soft state 
suitable for presentation to the softening process. 

Then comes the carding operation in which the 
softened stricks are subjected to a continuous 
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combing and splitting treatment. Next is the draw- 
ing section where the fibres are drafted further, 
and then the spinning, winding, and the weaving 
and finishing processes. 


Opening and Softening 

The bales of different qualities or growths are 
broken open and stricks are blended in varying 
quantities and fed into a softener where they are 
mechanically loosened and softened. The machine 
consists of some 71 pairs of heavy spiral and fluted 
rollers located along its whole length. These 
rollers bend and knead the strands of jute strick 
and ultimately deliver them in a very much softer 
condition at the outgoing delivery sheet of the 
machine. During the treatment the stricks are 
subjected to a spray of oil and water emulsion 
which is necessary as jute will not spin in a dry 
state. 


The softener is generally considered essential 
for low class rooty jute and jute cuttings. For the 
cleaner grades of jute the stricks may be worked 
directly on a jute spreader, thereby saving an 
operation. Its purpose is to comb and open the 
* pieced out’ fibre and to convert it into an even 
continuous ribbon which receives a constant spray 
of emulsion. The machine is fed with either 
softened or raw jute according to the desired yarn 
quality. The machine consists of a feed sheet on 


Fig. 9.—A typical slip draft 
spinning frame at the works 
of the manufacturers, Messrs. 
James Mackie & Sons Ltd. 


to which the stricks of jute are fed, together with 
back rollers that feed the fibres into a pair of endless 
sheets of sharp steel pinned gill bars running in 
sequence and at different relative speeds. Here the 
fibres are held, combed, drafted and bonded into 
a continuous sliver which is drawn off by two pairs 
of delivery rollers on to a ‘former’ where it is 
finally converted into a roll of material. 


Teaser and Waste Breaker Cards 


Short lengths of jute recovered in a loose state 
in the spreading and softening processes are fed 
into a teaser card, whilst jute root cuttings, and hard 
waste from different parts of the mill, are converted 
into a ‘tow’ by passing the material through a 
waste breaker card. These machines card, comb 
and clean the material into a suitable condition for 
introducing into the ensuing carding process. 


Carding 

From the softener, or spreader, the stricks or 
rolls are fed into the breaker card where the second 
stage of combing and splitting of the fibre takes 
place. Here a cleaning and breaking action is 
imparted to the fibre. The breaker card comprises 
a main cylinder 48 inches diameter and 72 inches 
wide, with a 12-inch diameter feed roller. There 
are two pairs of stripping rollers and worker rollers. 
All these rollers and the cylinder are fitted with 
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many fine pointed pins set at varying angles 
relative to the axis of the rollers. These rollers, 
set at varying distances from the main cylinder, 
run at different surface speeds, with the result that 
the stricks, or sliver as it is now known, is given 
considerable combing action. The sliver issuing 
from the breaker card is again in a flat form and 
wound into a roll by a device known as a roll 
former. 

The final carding process is the finisher carding. 
Here the sliver from the breaker card is introduced 
and it is subjected to additional combing and 
cleaning. The delivery is again in the nature of a 
flat sliver taken up into a roll former. A single 
roll may be 42 inches in diameter and have wound 
on about 900 yards of sliver ; it is sufficient to keep 
a drawing frame running for about two hours. 
Fig. 7 shows a row of jute cards at the Crescent 
Jute Mill, complete with their roll formers, and in 
the right foreground can be seen a bogey for 
transporting the rolls of jute to the next process. 

At this juncture it would be well to explain that 


Fig. 10.—The weaving 
looms, showing the 50 h.p. 

motors driving through 
underfloor lineshafts 


jute fabric is often produced in two main forms ina 
given jute mill. One cloth is known as ‘ Hessian’ 
and this is used principally for the manufacture of 
light sacks, linoleum and for baling material. The 
other type of cloth is known as ‘Sacking® or 
‘Gunny’ which, as its name implies, is devoted 
to the manufacture of bags and sacks to hold 
grain, rice and the like. Certain groups of jute 
mill machinery are constantly engaged in the 
production of either Hessian or Sacking material : 
hence the subsequent references to these qualities 
in this article. 


Drawing and Doubling 


From the finisher cards the rolls of sliver are 
transported to the section of processing known as 
drawing and doubling. Here the jute is given the 
first stage of parallelisation of the fibres, together 
with doubling and further drafting. This is usually 
carried out in three consecutive stages ; the first 
drawing, the intermediate drawing and _ finisher 
drawing. In each machine the sliver is fed into a 
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pair of rotating nip rollers and presented to an 
endless horizontal movement of sharp pointed pins 
which effect the paralleling of the fibres, and with 
the delivery rollers produce a drafted sliver. As 
many as four slivers can be fed into the machine 
and these emerge in one single sliver possessing the 
total fibre content of the four slivers introduced at 
the feed side reduced in unit weight according to 
the degree of draft introduced. 


The product of the finisher drawing frame takes 
the form of a narrow crimped tape or sliver which 
is delivered into tall cans for transport to the 
spinning section. Up to this final stage of drawing 
the jute fibres have been drafted many times since 
leaving the spreader. In the carding there may be a 
draft of 10 to 1, first drawing 3 to 1, intermediate 
drawing 5 to 1, and finisher drawing 7 to 1. 
Ultimately, in the spinning the degree of draft may 
be 10 to 1 or more. These are merely figures taken 
at random in various mills to illustrate how 
important the draft process is, and the resulting 
sliver is remarkably clean and regular in colour. 
In one instance it was observed that up to the last 


Fig. 11.—The calenders, 
each driven by a 15 hp. 
motor 


stage of drawing as many as 1,750 doublings, or 
mixings of the rolls of jute sliver, had taken place 
in order to attain the desired degree of quality. 
Spinning 

Here the crimped tape of jute sliver is fed up to 
the sliver spinning frames. It is led through a 
system of pairs of slow and high speed rollers to 
impart still further an appreciable draft. From 
these drafting rollers the sliver proceeds to the 
flyer which rotates at speeds of as much as 4,000 
r.p.m. Twist is imparted into the sliver after 
leaving the drafting rollers. The amount of twist 
can be varied by adjusting the ratio between the 
flyer speed and the delivery speed of the drafting 
rollers. The finished yarn is eventually spun on to 
a bobbin. A typical spinning frame is shown in 
Fig. 9. In this illustration will be seen the crimped 
jute sliver issuing upwards from the can at the back 
of the frame, and through the drafting rollers at the 
front with the yarn leading down to flyers and 
bobbins. A frame may have as many as 100 
spindles or more, according to the particular 
conditions of the mill concerned. The productivity 
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of a spinning frame is governed basically by its 
operational speed. This, in turn, depends upon the 
quality of the raw material in the yarn, the twist 
required for the particular yarn size, and its ultimate 
purpose. The average yarn output is about 900 
inches delivery per minute. 


Twisting 

This, as its name implies, refers to the twisting 
together of two or more single jute yarns, thus 
creating an ultimate folded twine of considerable 
strength. In appearance a twister resembles a 
spinning frame with its row of vertical spindles. 
It produces twines for binding in carpets, sewing of 
bags, and other items of household and industrial 


usage. Its yarn does not normally appear in jute 
cloths, and only a few of these machines are usually 
installed in a jute mill for the manufacture of 
sewing twine for internal use. 


Winding 

Much of the yarn output from the spinning 
section is routed to the winding machines. The 
cop winders prepare the yarn in packages up to 
12 inches long and 1? inches diameter suitable for 
inserting into the weft shuttles of the weaving 
looms. These packages, or cops as they are known, 
are wound on vertical spindles of which there may 
be 120 on an average frame. The yarn speed is 
approximately 100 yards per minute. 


Fig. 12.—The power house, with the 744 b.h.p. diesel-alternator sets in final stages of assembly 
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The roll winders convert the spun yarn into 
suitable packages, known as spools, of about 
10 inches diameter and 10 inches long. These are 
afterwards taken to the warp beaming machines 
that prepare the long warps of yarn which the 
shuttle interlaces with its trailing weft during the 
ensuing weaving operation. The practical winding 
speed varies from 400 to 600 yards per minute 
according to the yarn size and quality. 

Dry Beaming Machines 

These machines are used in ‘ beaming’ the 
sacking warp yarns. They draw the individual 
threads at the feed end from many spools of 
wound yarn mounted in creels or frames alongside, 
converting these many ends or threads into a long 
roll or beam ready for placing up to the loom. 


Dressing 


The dressing machine is used for treating the 
warp yarns, either before or after beaming, with a 
starch solution which, after drying, provides a stiff 


Fig. 13.—The main air- 
break switchboard in the 
power house 


thread in a condition suitable for the actual 
weaving operations. This treatment is given 
particularly for Hessian yarn where dressing is most 
necessary. 
Weaving 

The weaving of cloth in its basic simplicity can 
be compared with darning a hole in a fabric. The 
darning needle can be likened to the shuttle of the 
loom which trails its weft thread across and through 
the hundreds of transverse warp threads. In 
weaving, the warp threads are unrolled from the 
beam at the back of the loom and contrivances 
raise and lower them alternately to allow the 
passage of the shuttle across the face. After the 
weft has made each run a comb beats it up to the 
rest of the finished cloth, and so the operation 
continues until a completed roll of fabric is finally 
produced at the front of the loom. Looms of 
37} inches width are principally used for Sacking 
and 473 inches for Hessian. Larger looms of up to 
175 inches width are also manufactured. 


—T 
2 
= | | | 
= 
one — 


CARDING 


PREPARATION 


Juvds 


SQYVD YIHSINI4 
‘dy #2 6 


‘dy gi 9 


‘dy gt Z 


Juvds 

JNIHDVW 
SOYWD 

‘dy 9 


Y3HSINIJ 
‘dy iz 8 


sauv> 
‘dy st 


100 A 10x 60A 


3NIHDWW 


‘ay si 


10x 60A 


100 A 


8 x 


100 A 


8 x 


6 x 


IRONCLAD 
DISTRIBUTION BOARDS 


| SW/FU BOARD | 


SW/FU BOARD 


2 


dWNd dy 


“dy 
SY3N3LJOS “FY GI — 


100 A 


8 x 


al 
| 
| 
i 
| 


DRAWING 


SPINNING 


(See Fig. 15) 
2 $92 = © 
< ano < ora ico < 2 
A. & A 2 5 rs 
12 x30A 12 x30A 10x30A 12x30A 7 
| SW/FU BOARD | 
TO LIGHTING BOARD = — 
TO 


ig. 14.—Main electrical circuits in the mill (excluding the spinning and winding sections, see Fig. 


~ 
me 
: 
i 
& 
OF 
: 
: 


a 


FINISHING 


at. 


CALENDERS 


WEAVING 


WINDING 


ig. 15) 


‘dy fl { 


8x30A 


S/W ONIddv1 


“dwnd 


BOARD 


S/W ONILLAD E Z { 


8x 60A 


SANIHDVW ONIMAS 
‘dug € 


SYJON31VD 
‘dy gi + 


4x60A 
( 


SWOO7 14WHS3NI1 
ONIAING 
SYOLOW 0S 


SWOOT L4WHS3NI1 
ONIAING 
SYOLOW “44 0S £ 


SW/FU 


150 A1SO A 


'SO_A 


4x 100A 


4x 100A 


TO AUXILIARIES 


| 300 300 s00 A | 300 a] soo a] s00 a} soo | soo A | 300 300 


SUPPLY 


INCOMING 


| : 
| 
] 
| 
| 
SPARE ] | 


THE ENGLISH ELECTRIC JOURNAL 


=f 


OVERHEAD BUSBARS 


20 1S hp SPINNING FRAMES 
+ | FUTURE MACHINE 


INCOMING 


SUPPLY 


SPARES 


OVERHEAD BUSBARS 


THT | 


v 
12 1S hp SPINNING FRAMES 12 1S hp SPINNING FRAMES 


— 


\ 


ba 


OVERHEAD BUSBARS 


21 1S hp SPINNING FRAMES 


TO POWER HOUSE AUXILIARIES 
TO LIGHTING SECTION BOARD 


OVERHEAD BUSBARS 


18 1S hp SPINNING FRAMES 


| 


Shp 
ROLL WINDERS 
PWINDERS 


OVERHEAD BUSBARS 7] 


5 hp DOUBLE END DRESSER 


0 Shp ROLLWINDERS 12 10 hp COPWINDERS 


hp FLYER TWISTER 
hp FLYER TwvISTER 


DOUBLE END 


hp REEL 

4 Shep 

4 10 
COPWINDERS 


20 
BEAMING Mics 


1S—Main electrical circuits for the spinning and winding sections 


29 
| | 
| 
= 
| 
: 
| 
SPINNING 
; 
8x 1A 
j “ 
< = 
& 6 WINDING 
— 
“33 
+25 
FUTURE 
MACHINE 


30 THE ENGLISH ELECTRIC JOURNAL 


Finishing 


All Hessian is first passed through a damping 
machine, then calendered on a heavy 5-bowl 
chesting calender, and lapped into two-yard folds. 
It is then press-packed ready for delivery. 


Sacking is similarly damped and calendered, and 
then cut and folded into the necessary lengths for 
sewing. Finally it is side sewn, mouth hemmed 
and press-packed as in the case of Hessian. 


Power Requirements of the Crescent Jute Mill 


In assessing the overall power consumption of the 
Crescent Jute Mill it was estimated that some 
1,500 to 2,000 kW would be necessary. Since solid 
fuel was not available in the area, and as this 
amount of power could not be obtained from any 
neighbouring electricity supply undertaking, it was 
decided to erect a diesel-alternator power station 
within the new mill compound, of sufficient size to 
meet all needs. 


The generating plant comprises five type 8SRK 
exhaust turbo-charged diesel-alternator sets. Each 
engine has a normal British Standard rating of 
744 b.h.p. and is directly connected to a salient 
pole alternator having an output of 510 kW, 
640 kVA, at 440 volts, 50 cycles, 3 phase, with a 
power factor of -8, and a speed of 600 r.p.m. The 
sets are complete with the necessary auxiliary 
equipment including Napier exhaust turbo-chargers, 
piping, circulating pumps, governor speeder gears, 
fuel and water tanks, and oil filters. The water 
supply for engine cooling and mill services is piped 
from the nearby river. The generating station is 
also equipped with two standby 50 kW diesel 
generating sets for house services and the provision 
of power for bungalows and pilot usage within the 
mill. A main generator control switchboard with 
low voltage main distribution switchgear supplies 


power to the various sections of the mill, bungalows, 
and workers’ cottages. 


The power distribution is executed in paper- 
insulated single-wire armoured feeder cables run- 
ning from the main distribution air-break switch- 
board in the power house to the various ironclad 
fuseboards containing high-rupturing-capacity fuses, 
situated at suitable points within the factory 
and mill premises, and also to the several runs of 
overhead busbar chamber feeding the spinning and 
preparation departments. From the fuseboards 
and overhead busbars to the motor positions of the 
individual jute machines the final sub-circuits are 
carried in mineral-insulated copper-sheathed cable 
to withstand the sub-tropical conditions in the 
vicinity. The electrical power distribution system 
in the mill is shown in Figs. 14 and 15, whilst the 
physical layout of the various jute machines is 
shown in Fig. 2. 


The individual powers of the motors involved 
are also indicated in Figs. 14 and 15. All of these 
motors are of the totally-enclosed fan-cooled type 
with the exception of the 50 h.p. motors driving the 
loom lineshafts and the 70 h.p. motor for the press 
pump, which are of the slipring protected pattern. 
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The Development of Busbar Protection 


By R. W. NEWCOMBE, A.M.1.E.E., Switchgear Engineering Department. 


to add a separate protective system for the 

busbars of a switchgear installation, the 
busbars and their associated connections being 
usually covered by some form of unrestricted 
protective system fitted to the feeder or by the 
second or third step of the line impedance relays. 
Protective systems of this type are not always 
discriminative and are slow to operate. 


Fs MANY YEARS it was considered unnecessary 


It was found that a number of incidents had 
serious consequences due to the slow time inevitably 
associated with unrestricted protective systems, and 
it was for this reason that separate protection was 
applied to the busbars. 


While the early types of busbar protective 
systems localised fault damage, with the increase 
in the fault level and the interconnecting of larger 
power systems, combined with the comparatively 
slow operating time of the relays, the damage 
became more widespread and the risk of system 
instability greater. 


These conditions produced a demand for a 
high-speed busbar protective system having oper- 
ating times below -08 of a second, and resulted in 
most of the original busbar protective systems 
being replaced in favour of a high-speed differential 
system similar to that now adopted by The English 
Electric Company. 


The name ‘ busbar protection’ implies that the 
protective system extends only over the station 
busbars ; this of course is not the case as the zone 
of influence reaches from the line side of the 
circuit-breakers, including all connections, to the 
busbars, the remainder of the circuit being covered 
by the unit protection, see Fig. 1.* 


It is sometimes thought that busbar protection is 
not justifiable on outdoor switchgear, for although 


* All symbols used in this and the subsequent diagrams comply with British 
Standard 108: 1951. 


the probability of a fault is much greater, the risk 
of serious damage is less. In general it can be said 
that for outdoor switchgear, busbar protection is 
not necessary unless the general system protection 
does not cover the busbars and their associated 
connections, or when the power system conditions 
are such that high-speed fault clearance is necessary 
to ensure system stability. 

All schemes should preferably comprise two 
independent protective circuits, referred to as 
‘main’ and ‘check’. When a check feature is 
included, tripping of the circuit-breakers must not 
take place until the relays associated with both 


(1) C. Ts. For Unit Protection 
(2) C. Ts. For Busbar Protection 


Fig. 1.—Protection zones 
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faults on phase-segregated switch: 
gear is small, there have been 
cases where, due to human error, 
a temporary line earthing device 
has been left in position and the 


supply restored. Such a fault is 


$ a three-phase short-circuit to which 
ly the earth fault relay would not 
respond, 


Similar faults on outdoor 
switchgear can occur due to bran- 


ches of trees being carried on the 


To TRP RELAY. 


Fig. 2.—Differential system for phase and earth faults 


Fig. 3.— Differential system for earth faults only 


main and check circuits have operated. Further- 
more, it is sometimes advisable to include some 
scheme of continuous supervision of the current- 
transformers, relays and small wiring to ensure 
that the equipment would operate satisfactorily if 
called upon to do so. This is particularly desirable 
when the check feature is not discriminative. 

It is often argued that it is only justifiable to 
provide equipment to protect against earth faults, 
but with the differential scheme adopted by The 
English Electric Company the provision of phase 
and earth fault protection presents no difficulty ; 
in fact, it could be shown that for a large station 
the cost of such a scheme is considerably less than 
that of a system responding to earth faults only. 


While it is agreed that the possibility of phase 


To TRE RELAY 


wind during a gale, or again to 
human error in leaving temporary 
earthing devices on the busbars 
after maintenance. 


The English Electric Company 
has adopted two schemes of pro- 
tection, the principles of which 
have been well tried for many 
years and need little introduction. 
A fully discriminative differential 
scheme has been chosen for gen- 


PROTECTIVE eral application to all types of 
RELAY. switchgear, and is a simple and re- 
liable system which operates for 


phase and earth faults or earth 
faults only. Where the switchgear 
can be readily insulated from 
earth, a frame leakage system is 
applied and is most suitable 
for phase-segregated metal-clad 
switchgear, more especially where the current- 
transformer accommodation inside the switchgear 
is restricted. This scheme is limited to earth 
faults and it is only possible to obtain discrim- 
ination between sections. 


Differential Protective Scheme 


Three current-transformers are fitted to all 
circuits included in the protected zone and are con- 
nected as illustrated in Fig. 2 for phase and earth 
faults and Fig. 3 for earth faults only. If a fault 
occurs Outside the protected zone, the currents 
entering and leaving the zone are equal and the 
current-transformers affected will produce opposite 
voltages and circulate current between themselves. 
Consider two identical current-transformers with 


q 
PROTECTIVE 
RELAY 
— 
— 
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equal and opposite primary currents connected 
together through a lead resistance. The current- 
transformers together must develop the voltage 
necessary to circulate current around the loop, and 
each would produce equal and opposite voltages. 
Across the mid-point of the loop the voltage would 
be zero, but due to limitations in the design of 
current-transformers and for other practical rea- 
sons, it is impossible to obtain zero voltage for all 
fault conditions, and it is therefore necessary 
to design the scheme so that the voltage appearing 
across the relay under maximum external fault 
conditions is less than the voltage required to 
operate the relay. 


If a fault occurs inside the protected zone the 
current-transformers on the circuits feeding the 
fault produce a voltage sufficiently high to operate 
the relay at the minimum fault conditions. 

Discriminative tripping is obtained by the 
introduction of auxiliary switches into the current- 
transformer circuits so that on the occurrence of a 
fault, they select the appropriate fault detecting relay 
which operates and trips all circuit-breakers 
connected to the faulty busbar simultaneously via 
a high-speed multi-contact tripping relay. 


SWITCH FRAME. 


Fig. 4.—3-zone single 
busbar frame leakage 
protection 
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Frame Leakage Scheme 


The switchgear is nominally insulated from earth 
and between sections, and a current-transformer is 
connected between each section of switchgear and 
earth, as illustrated in Fig. 4. 


It will be seen that when a fault occurs on any 
section of the switchgear, the earth fault current 
must pass through the current-transformer con- 
nected between the protected section and earth, 
and hence to the system neutral. If an earth fault 
occurs outside the protected zone, the fault current 
passes directly to the system neutral. 


In order to obtain some measure of discriminative 
tripping, a multi-contact tripping relay is supplied 
with each fault detecting relay, the operation of 
which clears all breakers connected to the faulty 
section. 


Special Problems related to Busbar Protection 


(1) FAULT SETTING 


On a frame leakage system the question of fault 
setting does not present a major problem as it is 
an easy matter to select a suitable current-trans- 
former for inserting in the frame earth connection, 
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care being taken to ensure that the current-trans- 
former produces an output sufficient to give 
positive operation of the relay under fault condi- 
tions yet within the thermal rating of the relay. 
This can be achieved by allowing the current- 
transformer to saturate at the higher values of fault 
current. 


In the case of a differential system applied to a 
large number of circuits the problem of obtaining 
a low fault setting is not quite so simple, as this 
leads to a correspondingly large number of current- 
transformers being connected in parallel. Each of 
these provides a parallel path to the relay, so 
diverting an amount of current directly propor- 
tional to the number of circuits in parallel with 
the relay during operating conditions and also 
to the voltage setting of the relay. The shunting 
effect of the parallel current-transformers increases 
the primary current required to cause relay opera- 
tion. This in turn increases the fault setting of the 
protection. 


The problem of the increased shunt current 
associated with a higher relay operating voltage 
can be solved by (1) increasing the size of the 
current-transformers where space permits, so 
enabling them to supply the relay voltage at a 
lower magnetising current, or (2) supplying a core 
material requiring a lower magnetising current for 
the same voltage output, or (3) reducing the core 
size to allow space for an increase in the cross 
section of the secondary winding. This reduces the 
secondary burden enabling the current-transformer 
to work at a lower voltage and consequently a 
reduced magnetising current for the same effective 
setting. Any one of these methods increases the 
cost of the transformers and it may therefore be 
cheaper to supply biased or compensated relays in 
order to reduce the high value of stabilising 
resistance and hence impose a lower burden on the 
transformer at the relay setting. 


It will be seen from Fig. 3 that this problem is 
intensified in the case of protection for earth faults 
only, since with phase to phase fault protection 
the number of parallel circuits is reduced to a 
third. 

On a solidly earthed system it is usual to design 
the protective system so that the phase and earth 


fault settings are a maximum of 20% of the switch- 
gear short-circuit rating. Where the system has a 
limited earth fault current, however, the earth fault 
setting should be 50% of this limit, and it follows 
therefore that in any protective system employing 
the same relay to detect both phase and earth 
faults the setting has to be 50° of the minimum 
fault current. 


(2) STABILITY 


The stability of a busbar protective system must 
be extremely high, as an extensive dislocation of a 
power system caused by inadvertent tripping of all 
circuits in a power station or switching station may 
have very serious repercussions. 


The problem of obtaining stability for a differen- 
tial busbar protective system can be divided under 
three main headings :— 


(a) High fault current. 
(b) The time constant of the primary circuit. 


(c) The diversity of fault current magnitude in 
the separate circuits connected to the 
busbars. 


The protective equipment must always remain 
stable for through fault currents equal to the 
short-circuit rating of the switchgear. As an 
example, with switchgear having a rating of 1,000 
MVA at 11 kV it is possible to have fault currents 
in the order of 50,000 amperes and, depending upon 
the moment at which the fault occurs, the current 
in one phase can be completely asymmetrical. If 
the fault current is generated locally without any 
length of transmission line in series with the 
generating plant, it can have a time constant as 
high as 0-1 second. To produce the asymmetrical 
current in the secondary circuit, the current-trans- 
former must work at a flux density many times its 
normal symmetrical value, and it can be completely 
saturated for a short time until this transient 
condition has passed. 


The out-of-balance current in the secondary 
circuits during the transient period can be further 
aggravated by the diversity of fault current ; for 
instance a system having six feeders could have a 
current distribution of 10,000 amp in each incoming 
line and 50,000 amp in the faulted feeder, so that 
the current-transformers on the five feeders would 
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Fig. 5.—Discriminative tripping 


be working at a much lower flux density than 
those on the faulted feeder. 


All these factors make it very difficult to obtain 
perfect balance under transient fault conditions, and 
it was for this reason that time delayed relays were 
used in earlier schemes. 


Heavy current testing of a protective system set 
up to simulate site conditions increased the under- 
standing of transient unbalance and made it possible 
to design instantaneous relays, such as the * English 
Electric’ Type CAGI4, to remain stable under 
these adverse conditions. The tuned circuit 
incorporated in this relay not only provides a slight 
delay of 0-04 second, but makes it impervious to 
the large harmonic contents of transient unbalance, 
as it provides a high impedance path to other than 
the 50-cycle current. The general effect is to suppress 
from the relay coil currents of all frequencies other 
than the fundamental and force them through the 
current-transformers, so producing a stabilising 
effect. 


(3) DISCRIMINATION 


In almost all modern stations the busbars are 
sectionalised, the sections being coupled by 


circuit-breakers. It is expedient therefore that 
with a fault on any one section the protective gear 
should trip only the breakers of that particular 
section. For this it is necessary to treat each 
section as a separate zone. 


Differential Protection 


In the case of differential protection there should 
be an overlap between the current-transformers on 
each zone. To accomplish this, current-trans- 
formers have to be fitted on both sides of the 
section circuit-breakers so that a fault within the 
section circuit-breaker itself trips out the two 
zones affected. As this is not always practical it 
may be necessary to fit auxiliary switches to open- 
circuit the pilots from the current-transformers 
associated with the zone of protection which does 
not overlap the section circuit-breaker, thereby 
tripping that section if the fault persists after the 
first operation (see Fig. 5). Alternatively, as 
relay RI remains energised after zone | breaker has 
cleared, a time delay relay can be introduced into 
the D.C. circuits to initiate tripping of zone 2 
breakers. While this increases the clearance time, 
it may be found more convenient where the 
number of auxiliary switches is limited. 


Frame Leakage Protection 


The foregoing does not of course apply to a 
frame leakage scheme, as in this it is only necessary 
to fit one current-transformer in the earth connec- 
tion of each section, the sections being lightly 
insulated from each other. No insulation is 
necessary between the frame and floor, providing 
the holding-down bolts do not make direct contact 
with the building girders or the reinforcement of a 
concrete floor. 


If it is found that the resistance of the insulation 
between the switchgear frame and the station earth 
is more than 10 ohms, then the frame insulation 
can be considered as very satisfactory. Care 
should be taken to ensure that all main and multi- 
core cable glands are insulated and that it is not 
possible for any earthed metal to make accidental 
contact with the switchgear frame. 


In order to prevent the risk of insulation 
breakdown due to high voltages induced in the 
cable sheaths during faults, the main cable gland 
should have a minimum flash test of 8,000 volts. 
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It is not possible to protect separately each set 
of busbars of a double busbar switchboard, nor is 
it always practical to apply such protection on 
outdoor switching stations, but separate protection 
can be applied with very satisfactory results to a 
phase-segregated metal-clad board at a compara- 
tively low cost. 

The * English Electric” relay used with this 
scheme is a simple attracted-armature pattern, 
Type CAG12, similar in construction to the CAG14 
used for differential protection, without the tuning 
circuit. 


Check Features 


The check feature used with high-speed differ- 
ential systems usually takes the form of a second 
set of current-transformers connected as for the 
main system but with a common relay for the whole 
switchboard instead of a relay for each zone (see 
Fig. 6). It is of course possible to use a neutral 
check scheme as described later, but it should be 
realised that such a scheme is not altogether 
mistake-proof as the residually connected relays 
will operate on any earth fault that may appear on 
the system, and if by some misfortune the main 


Zone | 
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protective system has developed a fault the station 
will be shut down inadvertently. 

It is essential to have some check system with a 
frame leakage scheme in order to prevent a spurious 
current causing unwanted operation. This usually 
takes the form of neutral check relays operated 
from current-transformers connected in the neutrals 
of the system. As an alternative a core-balance 
transformer can be supplied in the cable box, or 
three residually connected current-transformers on 
the incoming equipments. The relay used is the 
same type as that for the main scheme. 

Should it be found impracticable in a frame 
leakage scheme to provide a neutral check feature, 
then an inverse time delay relay should be used for 
the main scheme. This prevents inadvertent 
operation of the busbar protection due to current 
flowing from faulty auxiliary wiring to the switch- 
gear frame, the auxiliary circuit fuses clearing the 
fault before the inverse relay operates. 


Circuit Supervision 

As mentioned previously, it is sometimes 
desirable to provide some form of continuous 
supervision for a high-speed differential system, 


Zone 2. 


Fig. 6.—Differential 


system with check features 
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Fig. 7.—Relay and current-transformer test circuit for 3-zone differential protection 


especially where a neutral check system is employed. 
Such a system, known as * load supervision *, takes 
the form of a low-set relay connected in series or 
parallel with the main protective relay and set to 
operate at some value below the full load of the 
smallest feeder, so detecting any out-of-balance 
current that may be caused by a defective connec- 
tion in any one current-transformer or pilot, 
provided it is not a pilot to the relay. On operation 
of the supervision relay an indication of a fault is 
given to the operator, and the main busbar protec- 
tion is then automatically taken out of service. As 
this relay is instantaneous in operation and would 
operate on busbar faults, a time delay relay is 
introduced to ensure positive operation of the 
main protection. 


Should the fault setting of the main relay be 


lower than the full load rating of any circuit, the 
inclusion of a load supervision scheme on a differ- 
ential protective system without check features 
would be of little value, as the main relay may 
operate when either a current-transformer or pilot 
becomes defective, before the load supervision has 
time to render it inoperative. 

As it is not possible to supervise all faults on a 
busbar protective system, it is expedient that some 
form of testing equipment be supplied enabling 
periodic tests to be made by secondary injection. 
Fig. 7 illustrates the method adopted for secondary 
injection testing, using an ‘English Electric’ 
universal test block Type MPG connected into the 
current-transformer circuits, which makes it poss- 
ible to check the relay settings and take magnetisa- 
tion curves of the current-transformers. 
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Conclusions 

It can be said that in the United Kingdom 
busbar protection is generally applied to all major 
generating and switching stations, and it is only in 
exceptional cases that neither check nor supervision 
features are included. 


No attempt has been made in this article to cover 
the complete operation of the two systems of 
protection described, the intention being to bring 
to notice some of the more difficult problems 
involved in the development and application of 
busbar protection. 
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